Mottled ducks Anas fulvigula are nonmigratory and primarily depend on habitats associated with coastal marshes of the Gulf Coast for their entire life cycle. Much of remaining available coastal marsh habitats of the Texas Gulf Coast are managed by state and federal agencies. The Texas Gulf Coast breeding population of mottled ducks has recently declined dramatically. To aid in development of management plans for breeding mottled ducks, we estimated the number of potential pair ponds available on the Texas Chenier Plain National Wildlife Refuge Complex relative to marsh type (fresh, intermediate, brackish, and saline), estimated occupancy, compared habitats of used and unused pair ponds, and evaluated pair pond selection relative to marsh type during spring 2004 and 2005. Greater than 18,000 ponds were recorded in .22,400 ha of coastal marsh with .74% of potential pair ponds in the intermediate marsh type. Average pond size of 425 randomly selected ponds across marsh types was 0.09 ha. Pond occupancy was estimated as 1.3% and 2.5% in 2004 and 2005, respectively, in 634 ponds surveyed for presence of mottled duck pairs. Mottled ducks selected for ponds in fresh marsh with short surrounding vegetation associated with recent cattle grazing, but avoided recently (,3 mo prior) burned areas. Pond area was greater with shallower water depth for used compared to unused ponds. The presence and coverage of submergent and emergent vegetation did not influence use of pair ponds by mottled ducks. Development of breeding habitat (pair ponds, nesting cover, brood habitat) in fresh marsh will benefit mottled ducks. Our results indicate development of breeding habitat on the Texas Gulf Coast, and vegetation management using cattle grazing timed for disturbance in fresh marsh during mid-to late winter and early spring will further attract breeding mottled ducks.
Introduction
Mottled ducks Anas fulvigula are nonmigratory waterfowl principally dependent upon coastal marshes of the Gulf Coast for their entire life cycle (Stutzenbaker 1988; Moorman and Gray 1994) . On the Texas Gulf Coast, managers of federal National Wildlife Refuges (NWRs) and state Wildlife Management Areas conserve and manage approximately 25% and 43%, respectively, of the available palustrine emergent and estuarine emergent coastal marsh habitats critical to the life history of mottled ducks (Gulf Coast Joint Venture, unpublished data) . Much of the remaining nonpublicly owned coastal marsh habitats are being subjected to a variety of anthropogenic impacts (e.g., saltwater intrusion, oil and gas exploration and processing, urbanization, and reduced freshwater inflows), most of which result in continued declines in habitat quality for mottled ducks (Stutzenbaker 1988; Moorman and Gray 1994) . The recent oil spill resulting from the failure of the Deepwater Horizon well highlights the fragility of coastal marsh and potential for devastating consequences on the marsh ecosystem. Therefore, mottled ducks in Texas will increasingly depend upon wetland and associated habitats provided and protected by NWRs and Wildlife Management Areas (Stutzenbaker 1988 ).
There is not currently an operational annual rangewide survey of breeding mottled ducks as there are for other North American waterfowl species. The only continuous survey (since 1986) of breeding mottled ducks for the Western Gulf Coast Population is on NWRs of the mid and upper Texas Gulf Coast. The Chenier Plain NWR Complex (Complex) on the upper Texas Gulf Coast (the region east of Houston, Texas, to the Louisiana border) historically accounted for .50% of the mottled ducks counted on Texas coastal NWRs (U.S. Fish and Wildlife Service [USFWS] , unpublished data). Estimated indicated breeding pairs, based on visually corrected aerial surveys on NWRs, have declined 94% since 1986 despite a relatively large increase in the mid-1990s and remained at relatively low levels throughout the 2000s (Figure 1 ). Although these trends were documented on NWRs of the upper Texas Gulf Coast, other indices reveal recent declines of varying magnitude for mottled ducks throughout Texas (GCJV 2007) . Johnson (2009) concluded that the trends represented by the breeding pair survey on NWRs best corresponded with the trends of estimated mottled duck population finite growth rate on the western Gulf Coast compared to other population surveys. Numerous hypotheses have been advanced as contributing to the observed decline in mottled ducks on NWRs and in Texas (GCJV 2007) . These include 1) loss or degradation of reproductive habitats (e.g., pair ponds, suitable nesting cover, and brood-rearing habitats), 2) increasing predator populations (Elsey et al. 2004 ), 3) loss and degradation of nonbreeding habitats (i.e., winter, molt), 4) reduction of ecological disturbance (e.g., cattle and goose grazing or prescribed burning), 5) redistribution of populations (i.e., from Texas to Louisiana), and 6) continued exposure to lead from spent shot shells (Merendino et al. 2005) . Concern for the status and future of mottled ducks has resulted in the USFWS declaring the species a focal species in the Migratory Bird Program Focal Species Strategy (USFWS 2005) .
To attract mottled ducks for breeding and subsequent recruitment on NWRs, managers should provide pairing, nesting, and brood-rearing habitats. During the early portion of the breeding season through mid-incubation, most duck species are territorial with females selecting pair loafing areas in wetlands, usually referred to as pair ponds, with spacing influenced by food distribution, location of nesting cover, and predator populations (Anderson and Titman 1992) . Pair ponds are defended as territories because they provide access to energy and nutrition sources necessary for reproduction, ultimately influencing potential recruitment (Stutzenbaker 1988; Anderson and Titman 1992) . Unfortunately, little is known about the habitat characteristics of ponds that attract paired mottled ducks for breeding efforts, which is information NWR managers need to increase recruitment of mottled ducks.
Mottled ducks initiate breeding activities much earlier than other North American duck species because they are nonmigratory and occupy southerly habitats. Paulus (1988) reported that 90% of females were paired by December and 100% paired by February with the peak of nest initiation in Texas and Louisiana during March and April. Territorial defense typically starts in January, with the peak of three-bird flights (territorial resident males chasing intruding pairs) occurring in March and April corresponding to the peak of the breeding season (Paulus 1988; Stutzenbaker 1988) . Moorman and Gray (1994) indicated that mated pairs usually feed together in defended pair ponds prior to and during egg laying until pair bonds break during incubation. Spacing of paired mottled ducks in territorial ponds indicates foraging areas used by the pair during the breeding season (Paulus 1984) , but rarely includes a nest site (Allen 1980; Baker 1983; Paulus 1984) . Therefore, investigation of defended pair ponds by mottled ducks allows for evaluation of habitat characteristics that initially attract breeding pairs for reproductive activities.
From the perspective of a coastal marsh manager, habitat management for breeding mottled ducks may conflict with habitat management for wintering waterfowl. For example, managing for waterfowl preparing to migrate usually involves providing high-energy foods (e.g., seeds and tubers) for large flocks, whereas management for breeding mottled ducks focuses on provision of invertebrates rich in protein and minerals necessary for reproduction in isolated areas that provide nesting and brood-rearing habitat. In addition, common vegetation management practices (e.g., livestock grazing and prescribed fire) on NWRs may influence habitat use by breeding mottled ducks. Thus, thorough knowledge of waterfowl-habitat interactions within coastal marsh habitats is essential to the development of integrated management practices for all species. We investigated the use of pair ponds by breeding mottled ducks on the Chenier Plain NWR Complex on the upper Texas Gulf Coast. Our objectives were to 1) determine the number of potentially available pair ponds on the Complex, 2) estimate the percentage of available ponds used by mottled ducks, 3) evaluate selection of ponds based on habitat attributes, and 4) contrast habitat characteristics between used and unused ponds.
Methods
The in area in adjacent coastal marsh. When a pond appeared to be divided by vegetation, each division was marked as an individual pond when sites were visually isolated (vegetation was $1 m tall and at $75% of the separated surface area was bordered by vegetation). For large marsh areas of intermixed water and vegetation without obvious borders, individual ponds were delineated based on visually defined isolated areas of open water. Because there were .18,000 marked as potentially available, we measured the area of 425 randomly selected ponds stratified by marsh type (2% of total ponds), calculated the average area by marsh type, and multiplied those averages by the number of marked ponds per marsh type for each refuge to estimate total surface area of identified ponds.
Once locations of all potential ponds were determined, we assigned a number to each pond with ArcMap, and then used a random number generator to randomly choose numbers and corresponding ponds stratified by marsh type and refuge. To estimate the percentage of available ponds breeding mottled ducks used, we randomly chose ponds in each marsh type to determine pond occupancy by pairs. Each randomly selected pond was visited once by airboat, truck, all-terrain vehicle, or foot from 3 March to 9 April 2004, and 25 February to 6 April 2005, from sunrise to 3 h after sunrise or from 3 h before sunset to sunset to determine the presence or absence of a breeding mottled duck pair. These dates and time periods correspond to presence of feeding by pairs in selected territorial pair or loafing ponds (Paulus 1984; Stutzenbaker 1988) . We used the area of each marsh type on each refuge to stratify pond sampling across marsh types and individual refuges. Our objective was to sample 100 fresh, 150 intermediate, 125 brackish, and 100 saline marsh potential pair ponds for occupancy across the entire Complex each year of the study (2004, 2005) . We downloaded coordinates of each randomly selected pond (ponds were randomly selected each year) into a Global Positioning System (Garmin 76S7), which we used to locate each pond (accuracy 6 3 m) in the field.
If mottled ducks were flushed from a randomly selected pond, we recorded whether it was a pair or a lone bird. We never flushed greater than two birds from a selected pond. When an indicated breeding pair (pair or lone male) was recorded on a random pond, the pond was designated as a ''random/used'' pond, and if no birds were present, the pond was designated as ''random/unused.'' If a marked pond no longer existed (i.e., was overgrown with cattail Typha spp., dried up, etc.), we randomly selected another pond from those available within the proper stratification.
At each randomly selected pond, we measured water salinity, water depth, and pond area; evaluated height of surrounding vegetation; estimated the percent coverage of emergent vegetation; and determined the presence or absence of submergent plant communities to characterize general habitats the ponds provided. The presence of recently (within previous 3 mo) burned or grazed vegetation surrounding each pond was also recorded and verified with prescribed-fire or cattle-grazing records. Vegetation structure surrounding the pond was categorized by estimating the height of the dominant vegetation. Categories of surrounding vegetation were ''short'' (,0.6 m; e.g., Paspalum vaginatum, Distichlis spicata, and Sagittaria spp.), ''medium'' (0.6-1.3 m; e.g., Spartina patens, Schoenoplectus americanus, and Schoenoplectus robustus), and ''tall'' (.1.3 m; e.g., Typha spp., Phragmites australis, and Schoenoplectus californicus).
We measured salinity by submersing a salinity meter (YSI, Models 30 and 63) to the bottom of the pond in undisturbed areas and recording two to three readings (ppt) in different areas of each pond. If there was a difference .1.0 ppt among readings, we noted the high, low, and average values. Otherwise, we only recorded the average. We measured water depth (mm) at three random locations with a meter stick. The stick was held vertically in the water and allowed to fall to the bottom of the pond using its own weight. If there was a difference .100 mm in the depth readings, we recorded the high, low, and average measurements. To estimate the surface area for small ponds (,30 m 2 ), we used a meter stick or tape measure to physically measure pond perimeter and then surface area was calculated; for medium-sized ponds (30-2,000 m 2 ), the pond edge was walked using a Global Positioning System to map the perimeter, then the area was calculated using ArcMap; and for large ponds (.2,000 m 2 ), an airboat was driven around the pond and a Global Positioning System was used to map the pond perimeter, then pond area was calculated using ArcMap.
Only a small proportion of random ponds were used by breeding mottled ducks. During the study, we recorded locations of all ponds used by pairs found during daily refuge management activities (i.e., established salinity transects across all units and habitat types of each refuge), systematic evaluation of habitat condition of the refuges using air boats throughout the breeding season, and while traveling to and from sampled random ponds on each refuge. Pair ponds used by breeding mottled ducks during the same daily time periods as for random pond visits were considered used ponds and combined with the randomly used ponds to constitute the used pond data set. These ponds were revisited and habitat data were collected in the same manner as at random ponds.
Statistical analyses
We evaluated habitat selection based on the Neu et al. (1974) method, which is appropriate for these data (Alldredge and Griswold 2006) . This approach compares the 95% confidence interval associated with the proportion of locations among habitat types with the proportional availability each habitat type within the study area. We compared use versus availability of ponds among marsh type (fresh, intermediate, brackish, and saline) and surrounding vegetation height (i.e., surrounding structure; short, medium, and tall). We compared percent of used versus available ponds containing submergent and emergent vegetation. Finally, we assessed the influence of cattle grazing and prescribed fire disturbances on the proportion of ponds used associated with these events versus the proportion for all available ponds.
We used a 2-way factorial analysis of variance (ANOVA) to compare measured habitat features of pond area (ha), water depth (mm), water salinity (ppt), and pond coverage by emergent vegetation (%) between used and unused ponds and marsh type (fresh, intermediate, brackish, and saline). Following a significant (P , 0.05) ANOVA, a least significant difference test was used to compare means among marsh types.
Results
In 2002, the total area of coastal marsh on the Chenier Plain NWR Complex was estimated to be 35,738 ha (Table 1) . Intermediate marsh represented the highest percentage of marsh type available on the Complex, followed by brackish, fresh, and saline. Of the total marsh area, we sampled 22,454 ha for pair ponds, which represented 63% of the total marsh available on the Complex (Table 1 We identified 18,830 ponds in the sampled area of the four marsh types on the Complex; the area of these ponds constituted 7.4% of the available sampled marsh area on the Complex (Table 2) . Anahuac NWR had the greatest number of ponds in fresh, brackish, and saline marsh types, whereas McFaddin NWR had the greatest number of ponds in the intermediate marsh type. Overall, McFaddin NWR had the greatest number of identified ponds by a small margin ( In 2004, of the estimated 245 pairs of mottled ducks using the sampled area of the Complex, assuming all pair sightings were independent due to establishment of territories, locations of 4 pairs in random ponds and 89 additional pairs observed during the search periods were recorded (37.9% of estimated total number of pairs); 17 pairs used habitats other than delineated ponds (e.g., prairies, reservoirs, and bayous/ditches). Therefore, the final 2004 data set was based on 76 ''used'' ponds (4 from random/used ponds and 72 other recorded used ponds) and 313 ''unused'' ponds. Of these 76 pairs, 54% occurred at Anahuac NWR, 30% at McFaddin NWR, and 16% at Texas Point. In 2005, of the estimated 471 pairs of mottled ducks occurring in the sampled area of the Complex, locations of 8 pairs on randomly searched ponds and locations of an additional 127 pairs were recorded during the search periods (28.7% of estimated total number of pairs). Twenty-six pairs used habitats other than delineated ponds; thus, 101 ponds were included in the data set for habitat use-availability comparisons (8 from random/used ponds and 93 other recorded used ponds). Of these 101 pairs, 52% occurred at Anahuac NWR, 36% at McFaddin NWR, and 12% at Texas Point NWR.
In 2004, pairs of mottled ducks settled most frequently in intermediate marsh (65.8%), followed by brackish (23.6%), fresh (7.9%), and saline (2.6%) marsh types. In 2005, intermediate marsh was again used most frequently (43.6%), followed by brackish (33.7%), fresh (13.9%), and saline (8.9%) marsh. However, pond occupancy was not in proportion to pond availability within marsh type across years (x 2 3 = 178.02, P , 0.001). Across both years, mottled ducks selected ponds in fresh marsh (1.1% availability versus 11.3% used), but used ponds in all other marsh types in proportion to availability (Table 3) . Furthermore, selection of habitat structure surrounding a Fresh = 0-0.5 parts per thousand (ppt); intermediate = 0.5-3.5 ppt; brackish = 3.5-10 ppt; and saline = .10 ppt. a Fresh = 0-0.5 parts per thousand (ppt); intermediate = 0.5-3.5 ppt; brackish = 3.5-10 ppt; and saline = .10 ppt.
used pair ponds was also found (x 2 2 = 110.09, P , 0.0001). Mottled duck pairs exhibited a preference for ponds with short surrounding habitat structure across both years (,0.6 m; 25.1% availability versus 59.3% used). They avoided ponds with medium and tall surrounding vegetation (Table 4) There was no interaction between pond use categories and marsh type for any of the four measured habitat variables (pond area: F 3,802 = 1.43, P = 0.23; water depth: F 3,810 = 0.36, P = 0.78; water salinity: F 3,812 = 1.37, P = 0.25; or percent emergent coverage: F 3,811 = 2.25, P = 0.08). Pond area increased across habitat types from fresh to saline marsh (F 3,802 = 2.67, P = 0.04; Table 5 ) and was nearly three times greater for used than unused ponds (F 1,802 = 5.95, P = 0.02; Table 6 ). Water depth of ponds did not differ among marsh type (F 3,810 = 1.12, P = 0.34; Table 5 ); however, used ponds had shallower water depth than unused ponds (F 1,810 = 6.70, P = 0.01; Table 6 ). Percent emergent vegetation was greater in fresh marsh compared to the other marsh types (F 3,811 = 62.89, P , 0.001; Table 5 ). However, percent emergent vegetation did not differ between used and unused ponds (F 1,811 = 1.59, P = 0.21; Table 6 ). There was no difference in average water salinity between used and unused ponds (F 1,812 = .011, P = 0.74; Table 6 ).
Discussion
Although recognized as an important part of the reproductive activity of waterfowl (Anderson and Titman 1992) there have been few descriptions of habitats used by paired mottled ducks during the nesting season compared to most other species of ducks. Stutzenbaker (1988) reported that male mottled ducks defended ponds formed by temporary open water sites in prairie habitats, especially those surrounded by sienna bean Sesbania drummondii. However, these sites have become relatively rare since the 1980s. Durham and Afton (2006) concluded that flooded rice fields were important loafing and feeding habitat for mottled ducks nesting in agricultural lands of former coastal prairie in Louisiana, especially during drought. White and James (1978) reported that mottled duck foraging habitat was typically ,30 cm in depth. Weeks (1969) reported that estimated loafing area size ranged from 10 to 130 ha, but was usually ,40 ha. However, there are no detailed descriptions of habitats used by paired mottled ducks in coastal marsh habitats.
The sheer number of potentially available ponds and low occupancy rate (e.g., 0.8 ponds/ha and 1.9%, respectively, on the Chenier Plain NWR Complex) likely leads to an assumption that these habitats are not limiting to mottled duck populations in coastal marsh. Such an assumption may hinder management for breeding mottled ducks because it is quite apparent that certain features of ponds attract paired mottled ducks. Therefore, managers should include consideration of pair habitats, in addition to nesting and brood-rearing habitats, in management plans for breeding mottled ducks in coastal marsh. Mottled ducks selected for ponds in freshwater marsh. Although ponds were used in proportion to availability in the other three marsh types based on habitat selection ratios (Manly et al. 2002) , mottled ducks were 11.7, 12.2, and 2.6 times more likely to select ponds available in fresh marsh than those in intermediate, brackish, and saline marsh types, respectively, on the Chenier Plain NWR complex. Considering the relatively low availability of freshwater marsh on the Complex, such definitive selection ratios indicate that it is critical to concentrate management efforts for breeding mottled ducks on freshwater marsh.
The relatively smaller selection ratio of saline marsh was due to inclusion of Texas Point NWR, where saline marsh was the predominant marsh type. Excluding Texas Point NWR data, the freshwater : saline marsh type selection ratio increased to 4.6. Use of saline habitats by breeding mottled ducks appears to be more than expected considering the perceived negative factors associated with breeding attempts in these habitats (e.g., Moorman et al. 1991) . However, breeding pairs of mottled ducks are frequently observed feeding in saline marsh habitats, especially those habitats dominated by Ruppia maritima. On the Chenier Plain NWR Complex, saline marsh is frequently separated from adjacent intermediate marsh by salt prairie ridges, facilitating easy movements among habitat types (P. Walther and M. Whitbeck, USFWS, personal observation). Further evaluation is needed to determine resources provided by saline marsh habitats for breeding mottled ducks and whether females preferentially move to areas of fresher marsh for nesting.
Structure of the vegetation community surrounding ponds had a greater influence on pond use than the presence of submergent and emergent vegetation. Mottled duck pairs selected for ponds that were surrounded by relatively short vegetation (,0.6m) and habitats influenced by livestock grazing. These conditions are complementary, with 60% of all ponds with short surrounding vegetation being grazed, whereas 28% of the ponds that were not being grazed were represented by short surrounding vegetation. For used ponds only, 73% of grazed ponds had short surrounding vegetation.
Disturbance by grazing herbivores is a natural component of the coastal marsh ecosystem (Bhattacharjee et al. 2007 ). Management of the Chenier Plain NWR Complex includes prescribed burning, cattle grazing, and increasing opportunity for grazing by snow geese Chen caerulescens to replicate historical natural disturbance (USFWS 2006) . Moderate grazing following burns in marshes also prolongs the availability of new grass shoots, a valuable food for snow geese (Gosselink et al. 1979) . The current cattle-grazing management program is quite flexible to take advantage of varying quantity and quality of forage, availability of fresh groundwater to provide watering sites within all marsh types, and unitspecific management objectives (USFWS 2006) . Grazing pressure and timing is used to create conditions that allow for the germination, growth, and reproduction of species adapted to frequent disturbance (i.e., early successional sere) by alternation of species composition of plant communities (Valentine 1961; USFWS 2006) .
Mottled duck pair avoidance of recently burned but not grazed areas indicates that pond selection includes factors in addition to the structure of surrounding vegetation because the distribution of height of surrounding vegetation was similar between burned and grazed ponds (short grazed = 59.9% burned = 63.8%; medium grazed = 34.3% burned = 31.2%; tall grazed = 5.8% burned = 5.0%). Apparently, the physical disturbance from cattle grazing is creating additional conditions that attract paired mottled ducks. Comparisons of invertebrate populations between grazed and burned ponds may provide insight into the attractiveness of grazing-disturbed habitats to paired mottled ducks.
It is unlikely that pair-pond habitats would be used by female mottled ducks for brood rearing (Rigby 2008) or by birds during molt (Stutzenbaker 1988) . Therefore, it is recommended for managers of coastal marsh to provide different habitats to attract and sustain breeding mottled ducks. However, mottled duck broods have greater survival in fresh compared to saline conditions, so management of breeding mottled ducks should concentrate on fresh marsh (Moorman et al. 1991) . Use of vegetation disturbance, especially cattle grazing, is useful for management of mottled ducks in coastal marsh. Further, prescribed fire can be used to focus and distribute cattle grazing within fresher areas of coastal marsh to create pair-pond habitats attractive to mottled ducks. Grazing management is also used to create nesting cover desired by mottled ducks on the Chenier Plain NWR Complex (USFWS 2006) . Our results indicate development of adaptive grazing management plans in fresh and intermediate coastal marsh will be beneficial to breeding mottled ducks. 
